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的肺腺癌相关，其中 KIF5B-RET 更是占到了其中 70~90%的比例，CCDC6-RET
约占 10~25%。然而，至今还没有特异性的 RET 小分子抑制剂的报道，因此发展
高活性、高选择性的 RET 抑制剂具有十分重要的意义。 
本课题以酪氨酸激酶 RET 为靶点，针对其异常基因重组 KIF5B-RET 和
CCDC6-RET 展开研究。我们首先构建了包含 6 株稳转 RET 融合基因及其点突变
的 Ba/F3 细胞作为 RET 抑制剂的靶向细胞毒筛选平台。利用该平台，我们对实
验室化合物库中的 750 个小分子化合物进行了抑制 RET 活性初筛，再利用野生
型 Ba/F3 细胞进行选择性评价，最终得到以下 5 个具有良好的抑制 RET 活性和
选择性的化合物：HZX125、YZY002、ZT043、LXY027、LXY052 对 CCDC6-RET 
Ba/F3 的 IC50 分别是 12.29 nmol/L、34.58 nmol/L、54.39 nmol/L、20.66 nmol/L、      
53.72 nmol/L；对 KIF5B-RET Ba/F3 的 IC50 分别是 12.66 nmol/L、32.73 nmol/L、
74.14 nmol/L、85.70 nmol/L、74.29 nmol/L；而阳性化合物 Cabozantinib 对
CCDC6-RET Ba/F3 和 KIF5B-RET Ba/F3 的 IC50 分别是 226.5 nmol/L 和      
301.8 nmol/L。分子水平的实验进一步验证了它们对激酶 RET 具有显著的抑制作
用， 5 个化合物中活性最好的 HZX125 在 0.1 µmol/L 水平即能完全抑制 RET 的
磷酸化，而其他 4 个也能在 0.5 µmol/L 即完全抑制 RET 的磷酸化。通过流式细
胞初步分析表明 YZY002 引起 CCDC6-RET Ba/F3 细胞的死亡是通过凋亡途径。 
综上，本论文建立了 RET 的靶向细胞毒筛选模型，通过筛选获得了 5 个结
构各异，具有良好活性和选择性的 RET 小分子抑制剂。这些化合物为进一步发




































The REarranged during Transfection (RET) receptor protein was one of the first 
Receptor tyrosine kinases (RTKs) that play a role in neoplasia. Expressed primarily in 
neural crest-derived and urogenital cells, RET is thought to be involved in the signal 
transduction required for proliferation, migration, differentiation and survival of 
neural crest cells, kidney organogenesis and spermatogenesis. Aberrant RET 
expression or mutation was found in multiple human diseases such as papillary 
thyroid carcinoma (PTC), multiple endocrine neoplasia type 2 (MEN 2), an inherited 
cancer syndrome characterised by medullary thyroid carcinoma (MTC), 
pheochromocytoma, and parathyroid adenomas. RET aberrant fusions, KIF5B-RET 
and CCDC6-RET, contribute approximately 1.2% to 2.0% patients in Lung 
adenocarcinoma (LADC). Among them, KIF5B-RET is the major subtype, which 
presents in approximately 70% to 90% of cases reported to date. Meanwhile, 
CCDC6-RET presents in approximately 10% to 25%. There’s no specific small 
molecule inhibitor of RET reported till now. It’s an urgent need to develop highly 
potent and selective RET inhibitors. 
In this study, to discovery RET inhibitors, we firstly developped a targeted 
differential cytotoxic screening platform containing six kinds of Ba/F3 cells which 
stably transfected RET fusion genes including CCDC6-RET, KIF5B-RET, 
CCDC6-RET[V804M], KIF5B-RET[V804M], CCDC6-RET[M918T] and 
KIF5B-RET[M918T], respectively. With this platform in hand, we carried out a 
large-scale anti-RET activity screen using an in-house compound library with 750 
small molecules, followed by a counter screen to exclude the general cytotoxicity 
using wild-type Ba/F3 cells. Finally, we successfully identified five potential specific 
















YZY002, ZT043, LXY027, and LXY052. Their antiproliferative IC50 values against 
CCDC6-RET Ba/F3 were 12.29 nmol/L, 34.58 nmol/L, 54.39 nmol/L, 20.66 nmol/L 
and 53.72 nmol/L, respectively. And the IC50 values against KIF5B-RET Ba/F3 were 
12.66 nmol/L, 32.73 nmol/L, 74.14 nmol/L, 85.70 nmol/L and 74.29 nmol/L, 
respectively. While, the positive control compound Cabozantinib exhibited 
antiproliferative IC50 values of 226.5 nmol/L and 301.8 nmol/L against CCDC6-RET 
Ba/F3 and KIF5B-RET Ba/F3, respectively. The molecular level experiments further 
confirmed that they had significant inhibitory effect on RET signaling. Among the 
five compounds, HZX125 could completely inhibit the phosphorylation of RET at a 
concentration of  0.1 µmol/L, while the other four were active at the concentration of 
0.5 µmol/L. Additionally, our FACS data showed that YZY002 induced CCDC6-RET 
Ba/F3 cell death via apoptosis pathway. 
In summary, in this thesis we have established a RET-targeted screening 
platform and identified five potent and selective small molecule inhibitors of RET. 
These inhibitors will serve as good starting-points for medicinal development of 
RET-targeted theraphy, which have potential applications for RET-related cancers. 
 


















缩写 英文全称 中文全称 
Amp Ampicillin 氨苄青霉素 
APS Ammonium persulfate 过硫酸氨 
BSA Bovine serum albumin 牛血清白蛋白 
ddH2O Double distilled water 双蒸水 
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Dulbecco′s modified of Eagle′s 
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min Minute 分钟 
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PCR Polymerase chain reaction 聚合酶链式反应 
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PEI Polyethylenimine 聚乙烯亚胺 
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PI3K Phosphoinositide 3-kinase 磷脂酰肌醇 3-激酶 
PLC-γ Phospholipase C-γ 磷脂酶 C-γ 
PMSF Phenylmethylsulfonyl fluoride 苯甲基磺酰氟 
PVDF Polyvinylidene difluoride 聚偏二氟乙烯 
RET REarranged during Transfection 转染重组 
RPMI  Roswell Park Memorial Institute 细胞培养液 
RTK Receptor tyrosine kinase 受体酪氨酸激酶 
















Shank3 multiple ankyrin repeat domains 3 多个锚蛋白重复结构域 3 
SDS Sodium dodecyl sulfonate 十二烷基磺酸钠 
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TKI Tyrosine kinase inhibitors 酪氨酸激酶抑制剂 
Tris Hydroxymethyl-aminomethane 三羟甲基氨基甲烷 
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VEGFR 



















第一章  前言 
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第一章  前言 
1.1  Ba/F3 激酶小分子抑制剂筛选系统 
Ba/F3是鼠源的造血细胞系，培养条件下需要依赖白介素 3（interleukin 3, IL-3）
而存活，该细胞最早是由 Palacios 和 Steinmetz 从 BALB/c 小鼠的骨髓中分离而
得[1]。1988 年，Daley 和 Baltimore 用实验证明利用反转录病毒可以介导酪氨酸




1.1.1  Ba/F3 细胞的特点 




生型 Ba/F3 细胞必须依赖 IL-3 才能存活和生长，但是能够稳定表达持续性激活
的酪氨酸激酶或者其他癌基因的 Ba/F3 细胞则可以依赖激酶活性存活，从而脱




1.1.2  Ba/F3 激酶系统 














第一章  前言 
2 
的培养基中生存。但是，如果致癌基因的表达或者激酶的活性受到抑制，那么
Ba/F3 细胞的生长就会停止，甚至发生凋亡等情况，若及时添加 IL-3 则可成功挽















受体 EGFR，它的两个点突变激酶 EGFR[G719S] 和 EGFR[L858R] 不仅能使
Ba/F3 细胞脱离 IL-3 存活，而且突变激酶在没有表皮生长因子刺激的情况下就能
发生自磷酸化，引起信号转导与转录激活因子 5 的激活以及 ERK1/2、ERK5 和
AKT 信号通路的持续性激活 [6-8]。另外，为了更有效地预测激酶抑制剂的临床
学耐受性，也可以用 Ba/F3 系统进行药物耐受的突变体的筛选。比如 Azam[9]等
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